Topical delivery of siRNA is challenging task due to complex barrier property of stratum corneum and cationic lipid based carriers have been widely explored for this purpose due to improved permeation through skin. For gene delivery application, dendrimers are considered as efficient carrier due to their cationic nature and welldefined surface groups. However, they are not well explored for topical delivery. This work compares the suitability of PAMAM dendrimer with DOTAP liposome for topical delivery of siRNA against TNF-α. The particle size, zeta potential and entrapment efficiency of dendriplex were 99.80 ± 1.80 nm, 13.40 ± 4.84 mV and 98.72 ± 2.02% whereas for lipoplex were 174.80 ± 0.80 nm, 29.96 ± 0.51 mV and 94.99 ± 5.01% respectively. Both the formulations were stable in serum and in the presence of RNAse. TNF-α is inflammatory cytokine, hence the in vivo efficacy of developed formulations was determined using psoriatic plaque model. Results suggested improved phenotypic and histopathological features and reduced levels of IL-6, TNF-α, IL-17 and IL-22 for dendriplex and lipoplex treated groups in comparison to Imiquimod treated group. These findings suggest that dendrimer can be a potential carrier for topical gene delivery.
Introduction
RNA interference (RNAi) is the rapidly growing area of research these days due to its targeting at genomic level. Small interfering RNA (siRNA) works on post-transcription phase to downregulate the production of protein and offers significant effects in various disease management and alleviation (Zhou et al., 2014) . siRNA does not integrate into DNA thereby avoids the risk of genome modification which is an important factor for regulatory and safety considerations (Sokolova et al., 2007) . However, delivery of naked siRNA faces many challenges due to its hydrophilic nature, high molecular weight, and negative charge which does not support cell permeation by passive diffusion mechanisms (Pecot et al., 2011; Jain et al., 2014) . Further, naked siRNA is susceptible to enzymatic degradation in plasma followed by renal clearance, resulting inadequate uptake by target cells. The off-target side effects and immune system stimulation are other challenges associated with siRNA therapy (O'Mahony et al., 2012) .
For topical applications, skin permeation of macromolecules such as oligonucleotides or proteins has remained a major challenge due to complex barrier property of stratum corneum (SC). Several methods including use of permeation enhancers, iontophoresis, electroporation and acoustic methods (Moser et al., 2001; Barry, 2001 ) have been employed to deliver sufficient amount of therapeutic agent into the deeper dermal milieu. Vector mediated delivery of siRNA has been a major research interest for various disease conditions and several viral and non-viral vectors have been explored for this purpose. Non-viral vectors offer advantages over the viral delivery systems of being completely biodegradable, less toxic and less immunogenic (Pandi et al., 2017) . Non-viral vectors consist of polymeric and lipid based carriers which carry the siRNA either by encapsulation or by charge induced surface interaction. Liposomes (LPM), solid lipid nanoparticles, nanostructured lipid carriers are widely explored for gene delivery application. Lipid vectors are suitable for manipulating surface charge and probe-modification for active targeting, as well as for protecting against degradation by plasma RNases (Akinc et al., 2009; Desai et al., 2013) . From among different lipid vectors, LPM are widely explored for topical delivery of various therapeutic agents Bulbake et al., 2017) . Polymeric carriers are rigid, stable and offer slow release of siRNA. Another delivery carrier is dendrimer, known for its highly branched structure, uniform dispersion and nano size range (Uppuluri et al., 1998) . For gene delivery application, Polyamidoamine (PAMAM) dendrimers are explored widely due to their narrow molecular weight distribution and easily functionalized amine-terminated surface providing the positive charge for interaction with siRNA (Kang et al., 2005; Jain et al., 2015) .
Lipid based formulations are widely used in topical application due to their better penetration through skin layers, however dendrimer based system are relatively less explored for this purpose. Hence, objective of this study is to compare the 1,2-dioleoyl-3-trimethyl ammonium propane (DOTAP) LPM and PAMAM generation-3 (P-G3) dendrimers for the topical delivery of siTNF-α. As siTNF-α is one of the inflammatory mediators which expressed widely in etiology of psoriasis. Hence, the in vivo efficacy siTNF-α dendriplex is determined and compared with siTNF-α lipoplex using IMQ induced psoriatic plaque model. Further, hematological toxicity of these carriers were also determined. The schematic layout of this work is given in Fig. 1 .
Materials and methods

Materials
Tumor necrosis factor-α siRNA (siTNF-α) was purchased from Dharmacon™, USA. PAMAM dendrimer (P-G3), triton X-100, diethyl pyro carbonate (DEPC) water, ethidium bromide and phosphate buffer saline (PBS) pH 7.4 were purchased from Sigma-Aldrich, USA. DOTAP (chloride salt) was purchased from Avanti polar lipids, USA. Cholesterol (Chol) was obtained from Lobachem, India. Imiquiad cream (5% w/w imiquimod cream) was obtained from Glenmark Pharmaceuticals, India. Betnovate® (betamethasone valerate ointment, 0.1% w/w) was procured from Glaxo SmithKline Pharmaceutical Limited, India. Chloroform was obtained from Merck Pvt. Ltd. India. Formaldehyde was obtained from HiMedia laboratories, India. ELISA kits for interleukin-17 (IL-17), interleukin-22 (IL-22), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) were purchased from R&D Systems, USA. Tris EDTA buffer (TE) (10X and 1X), RNAse free water, agarose gel and bromophenol blue dye were purchased from Cleaver scientific private limited, UK. Heparin was obtained from Gland Pharma Limited, India. Bromo phenol blue dye was obtained from Cleaver Scientific Private Limited, India. Quanti-iT™ Ribogreen® reagent and RNA standard stock were purchased from Molecular probes, Life technologies™, Invitrogen Bioservices Pvt Ltd. (Bangalore, India). Dulbecco's modified eagle's medium (DMEM) was purchased from Invitrogen (Massachusetts, USA).
Formulations development
Preparation of P-G3 dendriplex
Dendrimer/siRNA complexes were formed using reported method with slight modification (Ionov et al., 2015) . The equal volumes of siRNA and dendrimer solutions were mixed at concentrations giving the desired N/P molar ratio. The mixture was incubated for 10 min at 22°C. 10 mM/L Na-phosphate buffer, pH 7.4, was used for preparation of dendriplex.
Preparation of DOTAP lipoplex
LPM were prepared using reported method (Podesta and Kostarelos, 2009 ) by dissolving Chol and DOTAP lipid in chloroform at molar ratio 1:1. A dry thin lipid film was prepared in a round bottom flask using a rotary evaporator (Heidolph, Heidolph Instruments GmbH & Co. Germany). After the formation of thin film, the hydration was carried out by RNAse free DEPC treated water at a temperature of 37°C to form multilamellar vesicles (MLV). The so formed MLVs were sonicated using probe sonicator (Sonics, Vibra Cell, USA) to acquire unilamellar liposomal dispersion. Finally, the siRNA buffered solution was added to liposomal dispersion at desired siRNA/lipid (N/P) molar ratio and incubated for 30 min to allow stable complexes to be formed.
Analytical method for siRNA
Ribogreen assay was performed for quantitative determination of siTNF-α complexed with LPM and P-G3 dendrimer (Sato et al., 2012; Jones et al., 1998) . For high range calibration curve, Quanti-iT™ Ribogreen reagent was diluted 200 folds using Tris-EDTA buffer (TE) (10 mM Tris-HCl, 1 mM EDTA, pH 7.5) and 100 µL of the reagent solution was added to microplate wells containing 100 µL ribosomal RNA in TE. For the low range assay, Quanti-iT™ Ribogreen reagent was diluted 2000 folds with TE, and 100 µL of the reagent solution was added to microplate wells containing 100 µL of ribosomal RNA in TE. The excitation maximum for Quant-iT™ RiboGreen® reagent bound to RNA is 500 nm and the emission maximum is 525 nm.
Gel retardation and integrity assay
Agarose gel electrophoresis was used to study formation of dendriplex and lipoplex of siTNF-α and to determine the protection of siRNA complex from ribonucleolytic degradation (Du et al., 2012) . For comparison, plain siTNF-α was used for this study. The prepared dendriplexes and lipoplexes were mixed with bromophenol dye at 1:6 dilution and added to different wells. The gel electrophoresis was performed for 35 min at 60 mA in a 3% agarose gel containing ethidium bromide. After electrophoresis, the gel was visualized using UV transilluminator (Gel Doc™ XR+ system, Biorad laboratories, Inc., USA) at a wavelength of 365 nm and a digital photograph of the stained gel was obtained.
2.5. Characterization of formulations 2.5.1. Particle size and zeta potential
The particle size and size distribution of complexes were measured by the dynamic light scattering technique using a Zetasizer Nano-ZS in DTS0012 plastic cells (Malvern instrument Ltd. UK). Particle size was measured from the average of 10 cycles at 25°C. Particle surface charge was also measured by Zetasizer. Capillary plastic cell DTS1061 was used to measure the electrophoretic mobility of the samples in an applied electric field. For each sample, 10-15 measurements of zeta potential were collected and average was determined.
Entrapment efficiency
Ribogreen assay was performed to determine the encapsulation efficiency of siRNA complexed with LPM and dendrimers using reported method with slight modification (Zhang et al., 2010) . Low range and high range calibration curve were prepared (analytical method section) and used to calculate entrapment efficiency. Dendriplex with N/P ratio of 2:1 and lipoplex with N/P ratio of 110:1 were prepared using PBS pH 7.4 and centrifuged in 15,000 rpm for 15 min. Supernatants were collected, diluted with TE buffer and analyzed using spectrofluorometer (excitation 500 nm, emission 525 nm). Entrapment efficiency was calculated using formula given below.
Encapsulate siRNA concentration Initial siRNA concentration 100 2.6. Stability studies 2.6.1. RNAse protection assay RNAse protection assay was performed (Kim et al., 2010; Somiya et al., 2015) to determine the protective effect of P-G3 and lipoplex against RNAse mediated degradation. Briefly, optimized dendriplex, lipoplex and naked siRNA were treated with RNAse (1.25 µg/mL) for 30 min at 37°C. After 30 mins of incubation, the samples were kept on an ice bath for 5 min to arrest the reaction followed by addition of Triton X-100 (1% v/v) for lipoplex and heparin for dendriplex. Migration of siRNA was observed using gel electrophoresis.
Serum stability assay
The serum stability assay was performed to study the stability of siTNF-α loaded dendriplex and lipoplex in serum (Koide et al., 2016) . The optimized dendriplex and lipoplex were incubated with equal volume of DMEM supplemented with 10% of FBS at 37°C. At each time interval (0, 0.5, 1, 2, 4, 9, 12 and 24 h), 30 µL sample was collected and stored in −20°C until gel electrophoresis was performed. Before gel electrophoresis, the siRNA was released from dendriplex by addition of heparin and from lipoplex by addition of Triton X.
Skin compliance studies
Skin compliance study was performed on healthy BALB/c mice . Briefly, different formulations were applied on the dorsal skin of mice for 6 consecutive days. On the 7th day of the experiment animals were sacrificed and skin samples were collected and fixed in 10% v/v formalin solution. Histopathology examination was performed for collected skin samples.
Hematological screening
Blood samples from different animals were withdrawn at the end of skin compliance study for hematological screening. The samples were suspended in heparin solution. Red blood cells, white blood cell count, hemoglobin, hematocrit, platelet count and various parameters were analyzed using blood analyzer (Siemens Advia 2120 hematology analyzer, India) (Chen et al., 2004) . 2.9. Efficacy studies 2.9.1. IMQ-induced psoriatic plaque model
The IMQ induced psoriatic plaque model was developed as described earlier (van der Fits et al., 2009 ) and the anti-psoriatic activity of the optimized formulation was assessed (Jain et al., 2016) . To induce the psoriatic lesions, marketed imiquad cream (Imiquimod cream, 5% w/w, Glenmark Pharmaceuticals Ltd., India) was applied topically (2 cm 2 area) to the shaven dorsal region and left ear of BALB/c mice at a dose of 62.5 mg/day for 6 days. Betamethasone® (0.1% w/w, GSK Pharmaceuticals Ltd., India) was used as a positive control. Table 1 represents study protocol for IMQ induced psoriatic plaque model. Dendriplex, lipoplex formulations of siTNF-α and siTNF-α alone were tested. In this study, formulations containing 0.5 µM dose of siTNF-α were used. Application of different treatments on the respective animal groups was started on the 3rd day and continued until the 6th day of experiment. Animals were sacrificed on the 7th day and spleen weights of all the animals were recorded. Skin samples of all animals were collected and fixed in 10% formalin solution for histopathological examination. Skin samples were also stored at −80°C for determination of inflammatory cytokines level (Sun et al., 2017) .
Scoring severity of skin inflammation
Psoriasis area severity index (PASI) scores were used to evaluate the severity of psoriatic lesions characterized by three major clinical signs: i.e. erythema (redness), skin thickness (induration) and scaling (desquamation) (Fadzil et al., 2009 ). The scores were assigned on a 4-point scale where, 0 indicates none; 1-slight; 2-moderate; 3-marked; 4-very marked. These scores were plotted with various groups on x-axis and PASI score (0-4) on y-axis.
Histopathology
Histopathological examination was performed to determine the pathological changes in skin occurred during psoriatic model development (De Rosa and Mignogna, 2007) . Formalin fixed skin samples were embedded in paraffin and stained with hematoxylin and eosin (H&E stain). Sections were analyzed under microscope (Eclipse Ts2-FL microscope, USA).
Determination of cytokines levels
ELISA experiments were performed on mice skin collected from different treatment groups . Skin tissues were homogenized in an extraction buffer (10 mM Tris pH 7.4, 150 mM NaCl, 1% Triton X-100) using a tissue homogenizer (Remi electrokinetic, Ltd., India) at 3000 rpm for 5 min. The homogenates were centrifuged at 13,000 rpm for 15 min at 4°C, and the collected supernatants were stored at −80°C until analyzed. Levels of IL-17, IL-22, IL-6 and TNF-α were measured using respective ELISA kits as per manufacturer's protocol.
Statistical analysis
The statistical analysis was performed using GraphPad Prism 6.0 (version 6.05, GraphPad software, Inc., USA). The obtained data was analysed utilizing one-way ANOVA followed by Bonferroni's multiple comparisons test, where p < 0.05 was considered statistically significant.
Table 1
Different treatment groups for anti-psoriatic efficacy in IMQ induced psoriatic plaque model. Day 7 Sacrifice, measurement of ear thickness, skin collection for histopathology and ELISA P. Pandi et al. International Journal of Pharmaceutics 550 (2018) 240-250 Fig. 2. Formation and characterization of dendriplex and lipoplex. For dendriplex of P-G3 and siTNF-α: (A1) Gel electropherogram of dendriplex, (A2) zeta potential of dendriplexes with different molar ratio, (A3) particle size and PDI of dendriplexes with different molar ratio, (A4) mean particle size of optimized dendriplex formulation. For lipoplex of DOTAP LPM and siTNF-α: (B1) Gel electropherogram of lipoplex, (B2) zeta potential of dendriplexes with different molar ratio, (B3) particle size and PDI of lipoplexes with different molar ratio, (B4) mean particle size of optimized lipoplex formulation.
Results
Formulation development and complexation
The P-G3 dendriplex and lipoplex with various N/P ratios were prepared and complexation pattern of dendrimer and LPM with siTNF-α was studied using Agarose gel electrophores. Fig. 2A1 and B1 represents electropherograms of dendriplexes and lipoplexes with migration pattern of siTNF-α at different N/P ratio and molar ratio. Complexation results in the electro-neutralization of the negative charge of siTNF-α (Tang et al., 2012) . For plain siTNF-α solution, a clear band was observed (lane 1) on each electropherogram. Free siRNA and non-complexed siRNA moved in gel electropherogram which can be observed by presence of distinct band while dendriplex/lipoplex with optimum N/P ratios did not show any band due to electro-neutralization of siTNF-α. For P-G3 dendrimer and lipoplex, complexation was observed at 2:1 N/P ratio and 110:1 molar ratio respectively. Further increase in N/P ratio or molar ratio did not give any band which indicated formation of stable complex.
Characterization of dendriplexes and lipoplexes
The P-G3 dendriplex and lipoplex with various N/P ratios were characterized for zeta potential, mean particle size and PDI. In zeta potential experiment, the N/P ratio of dendriplex was varied from 0.5:1 to 7:1 and change in zeta potential was plotted against N/P ratio. Addition of P-G3 dendriplex to siTNF-α changed zeta potential from −21.20 to 14.66 mV (Fig. 2A2) . Zeta potential was found to be increased with increasing the quantity of dendrimer and stabilized after reaching the complexation point. Similarly, the molar ratio of lipoplex was varied from 60:1 to 120:1 which showed the change in zeta potential from −15.15 to 31.75 mV (Fig. 2B2) .
For particle size determination of P-G3 dendriplex, N/P ratio was varied from 0.5:1 to 7:1 and particle size increased gradually with increase in N/P ratio (Fig. 2A3) . The mean particle size of all the dendriplexes were found to be below 130 nm and the PDI was less than 0.3. A dendriplex with optimized N/P ratio of 2:1 resulted in particle size 99.80 ± 1.80 nm (Fig. 2A4) . For lipoplex preparation, the blank LPM of particle size 178.01 ± 5.26 nm was obtained by thin film hydration method. LPM were incubated with siTNF-α at different molar ratio (from 60:1 to 120:1 molar ratio of LPM to siTNF-α) to form lipoplex. For all lipoplexes, particle size and PDI were below 200 nm and 0.3 respectively (Fig. 2B3 ). An optimized molar ratio of 110:1 of LPM and siTNF-α resulted in average particle size of 174.80 ± 0.80 nm (Fig. 2B4) .
The entrapment efficiency of complexed siTNF-α was measured by Quant-iT™ RiboGreen® RNA reagent assay. Entrapment efficiency of P-G3 dendriplex and lipoplex were found to be 98.72 ± 2.02% and 94.99 ± 5.01% respectively. A summary of mean particle size, zeta potential and entrapment efficiency of optimized dendriplex and lipoplex is shown in Table 2 .
Stability studies 3.3.1. RNAse protection assay
RNase protection assay was performed to evaluate the stability of dendriplex and lipoplex in the presence of RNAse enzyme. Fig. 3A represented RNAse protection assay for P-G3 dendriplex, and lipoplex. In Fig. 3A1 first lane shows migration of non-complexed siTNF-α. The second lane shows non-migration of siTNF-α previously incubated with RNase due to degradation of siRNA by RNAse. Third lane represents the P-G3 dendriplex formulation with no band due to formation of complex between dendrimer. The fourth lane contains the dendriplex along with heparin and RNAse and this lane was observed with the appearance of band. The dendriplex protected siRNA from degradation by RNAse, when the heparin was added before loading the sample to agarose gel, heparin released the siRNA from dendriplex and the band was observed due to migration of siRNA on gel. In lipoplex, Triton X-100 was used to release the siRNA from lipoplex and the similar pattern (as observed for P-G3 dendriplex) was observed (Fig. 3A2 ). These observations indicate that both dendrimer and LPM can protect siRNA from RNAse induced degradation.
Serum stability assay
Serum stability assay was performed to analyze the stability of dendriplex and lipoplex formulations in the presence of serum proteins. Serum stability was tested by incubating formulations with 10% FBS. Fig. 3B showed serum stability assay for P-G3 dendriplex and lipoplex. Naked siRNA was found to be intact till 3 h but degraded completely after 6 h (Fig. 3B1) . However, siRNA loaded P-G3 dendriplex (Fig. 3B2 ) and lipoplex (Fig. 3B3 ), complexes were stable till 24 h with the appearance of clear bands. Hence it was evidenced that the dendriplex and lipoplex provided protection to siTNF-α from the serum nuclease degradation.
Skin compliance studies
Skin compliance study was performed on healthy mice skin to determine the skin compatibility of siTNF-α and nanocarriers and to observe any morphological or histopathological changes in mice skin with the selected dose of siTNF-α for efficacy study by H&E staining of treated samples (Fig. 4) . The mice epidermis treated with P-G3 dendriplex and lipoplex remained intact with no obvious change in histopathological features. Further, no inflammatory symptoms were observed in skin exposed to the different formulation in comparison to normal skin, indicating that they are safe for topical application.
Hematological screening
Hemotoxicity of topically applied P-G3 dendriplex and lipoplex were screened. The repeated formulation dose study revealed no significant changes in hematological parameters as compared to normal group as described in Table 3 .
3.6. Efficacy studies 3.6.1. IMQ-induced psoriatic plaque model IMQ induced psoriasis was developed in BALB/c mice to investigate the efficacy of topical siTNF-α in psoriasis. The symptoms closely resemble human plaque-type psoriasis with respect to erythema (hyperkeratosis with parakeratosis), skin thickening, scaling and epidermal alteration (acanthosis).
Scoring severity of skin inflammation
PASI scoring was done on 6th day of IMQ induced psoriatic plaque model. IMQ group showed severe erythema (Fig. 5A), scaling (Fig. 5B) 
Table 2
Feature of optimized P-G3 dendriplex and lipoplex. and skin thickening ( Fig. 5C ) with a score in range of 2-4 indicating the induction of psoriasis. PASI scores were significantly high in IMQ group in comparison to normal group. Treatment with plain siTNF-α, blank P-G3 and blank LPM groups did not show any improvement in the symptoms. Treatment groups P-G3 + siTNF-α (PASI score 1.25) and LPM + siTNF-α (PASI score 1.6) resulted in reduction of erythema in comparison to IMQ group (PASI score 2.5). Similarly, scaling was reduced in P-G3 + siTNF-α (PASI score 1.5) and LPM + siTNF-α (PASI score 1.4) groups in comparison to IMQ group (PASI score 2.7). Skin thickness for P-G3 + siTNF-α (PASI score 2) and LPM + siTNF-α (PASI score 1.0) was also reduced in comparison to IMQ group (PASI score 2.4). Spleen weight to body weight ratios were determined where negative control showed a higher ratio in comparison to treatment groups. (Fig. 5D ).
Histopathology
Histopathology and phenotypic images of different control and treatment groups during IMQ induced psoriatic plaque models are given in Fig. 6 . Normal skin contained epidermis and dermis layers. IMQ control exhibited thickening of stratum corneum (hyperkeratosis), Data as mean ± SE (n = 3). retention of nuclei in stratum corneum (parakeratosis) and proliferation of the epidermis (acanthosis) with discreet chronic inflammatory infiltrates in the dermis. These features were markedly declined by treatment betamethasone, P-G3 + siTNF-α (dendriplex) and LPM + siTNF-α (lipoplex). However, improvement was not observed in blank siTNF-α group, blank P-G3 and blank LPM group in comparison to IMQ control.
Determination of cytokines levels
The skin homogenates obtained from mice skin of different control and treatment groups were analyzed for quantification of IL-22, TNF-α, IL-6 and IL-17 levels. In comparison to the normal group, IMQ group exhibited significant elevation of IL-22 (3.37 folds), TNF-α (1.52 folds), IL-6 (1.58 folds), and IL-17 (1.42 folds) levels indicating the induction of psoriasis (Fig. 7) . In comparison to IMQ group, IL-22 levels were reduced to 4.90, 1.90 and 4.55 folds with betamethasone, P-G3 + siTNF-α and LPM + siTNF-α groups respectively (Fig. 7A) .
TNF-α levels ( Fig. 7B) were reduced to 1.40, 1.55, 2.43 and 2.11 folds with betamethasone, siTNF-α, P-G3 + siTNF-α and LPM + siTNF-α groups respectively when compared with IMQ group. Treatment groups P-G3 + siTNF-α and LPM + siTNF-α groups resulted in 1.73 and 1.51 folds reduction in TNF-α levels in comparison to betamethasone. In case of IL-6 levels ( Fig. 7C) , betamethasone, P-G3 + siTNF-α and LPM + siTNF-α resulted in 1.99, 2.09 and 1.50 folds reduction respectively in comparison to IMQ group. Similarly, IL-17 levels (Fig. 7D) were reduced to 1.53, 1.20, 1.42 and 1.43 folds with betamethasone, siTNF-α, P-G3 + siTNF-α and LPM + siTNF-α groups respectively when compared with IMQ group.
Discussion
In this study, dendriplex and lipoplex formulation of siTNF-α were prepared for topical application. The suitability of dendrimer as a carrier for topical delivery of siRNA was checked in comparison to DOTAP LPM. Formation of dendriplex and lipoplex was confirmed by gel electropherogram where the presence of uncomplexed siTNF-α was marked by sharp band and after complexation point no band was observed with increasing N/P ratio (for dendriplex) or molar ratio (for lipoplex). P-G3 dendriplex were formed at 2:1 N/P ratio whereas lipoplex were formed at 110:1 molar ratio. Zeta potential results also suggested sudden shift from negative to positive zeta potential near to complexation point due to charge neutralization followed by excess of carrier resulting positive zeta potential. Zeta potential for optimized dendriplex and lipoplex were 13.40 ± 4.84 mV and 29.96 ± 0.51 mV respectively. The particle size of optimized P-G3 dendriplex (99.80 ± 1.80 nm) was smaller than lipoplex (174.80 ± 0.80 nm) that can be explained by efficient charged interaction between P-G3 dendrimer and siTNF-α followed by condensation of dendriplex. Entrapment efficiency of siTNF-α in P-G3 dendriplex and lipoplex was 98.72 ± 2.02 and 94.99 ± 5.01% respectively. Both dendriplex and lipoplex were found to be stable in serum as well as in the presence of RNAse. In vivo efficacy of these formulations was determined using IMQ induced psoriatic plaque model where the developed lesions resembled the human psoriatic plaque. The phenotypic and histopathological features were improved in P-G3 dendriplex and lipoplex treated groups in comparison to IMQ groups. During psoriasis, the levels of cytokines IL-6, TNF-α, IL-17 and IL-22 are found to be elevated in IMQ group. P-G3 dendriplex resulted in 2.09 folds reduction while lipoplex resulted in 1.50 folds reduction in IL-6 levels in comparison to IMQ group. P-G3 dendriplex and lipoplex were found to be almost equally efficacious in the reduction of TNF-α (2.43 vs 2.41 folds, respectively) and IL-17 (1.42 vs 1.43, folds respectively) in comparison to IMQ group. As TNF-α is the primary cytokines that will be affected by siTNF-α, almost equal reduction in its level with both the carriers indicate suitability of dendriplex for topical application. Though, lipoplex resulted in more reduction of IL-22 levels in comparison to IMQ group (4.55 folds with lipoplex vs 1.90 folds with dendriplex), IL-17 levels were reduced to 1.42 folds by both the carriers. Both the carriers were found to be safe for topical application as suggested by skin compliance data and hematological screening where difference between normal and formulation treated groups was insignificant.
Conclusion
Cationic liposomes for siRNA delivery (lipoplexes) were well established from long time. In this study, we compared the effectiveness of TNF-α siRNA loaded dendriplexes vs lipoplexes for management of psoriasis. From the above experimental results it was concluded that P-G3 dendrimers are equally efficacious to DOTAP LPM for topical delivery of TNF-α siRNA in psoriasis and they can be explored further for topical delivery of other genes.
